. cartridge by using a vacuum manifold. After loading the sample, the column was washed with 4 mL of 147 0.05 M H 2 SO 4 followed by 4 mL of methanol, then the column was eluted with 5 mL of 2.5% (v/v) 148 ammonium hydroxide in methanol at a rate of 0.5-1 mL/min. The eluate was dried under a stream of 149 nitrogen at 45 °C. The residue was dissolved in 0.5 mL acetonitrile/water (5/95, v/v) , transferred to an 150 Eppendorf vial, and centrifuged at 10.000 × g for 10 min at room temperature. Then 200 µL of 151 supernatant was transferred into a HPLC-vial with insert. Validation parameters such as linearity, specificity, limits of detection (LOD), limit of quantification 173 (LOQ), measurement uncertainty, recovery, and precision were determined for 12 PAs using the 174 established method according to Nordic Committee on Food Analysis (NMKL) procedure No. 4 with 175 minor modification (NMKL, 2009 ). The spiked samples were prepared according to the procedure 176 described above and analyzed on three different days. All 12 PA compounds were spiked at 4 177 concentration levels: 2 ng/mL, 10 ng/mL, 50 ng/mL, and 150 ng/mL corresponding to 1 µg/kg, 5 µg/kg, 178 25 µg/kg, and 75 µg/kg in the honey samples. At each concentration level at least 10 replicates of the 179 same spiked blank honey samples were analyzed (13 replicates at 10 ng/mL, and 10 replicates for the 180 other 3 levels). Method precision was evaluated by intra-and inter-day analyses. The repeatability 181 (intra-day variability) was tested within one day for each concentration, reproducibility (inter-day 182 variability) was examined on three different days for each concentration (13 replicates for 5 µg/kg, 10 183 replicates for 1 µg/kg, 25 µg/kg and 75 µg/kg).
184
LOD and LOQ were calculated by using the standard deviation of 10 replicates at 2 ng/mL (blank 185 honey spiked before SPE clean-up). LOD = 3 × SD / recovery of each compound, LOQ = 6 × SD / 186 recovery of each compound. Matrix effects (ME) was estimated by adding different levels of standard 187 solution to a sample of the blank honey extracts. Matrix match calibration curves were used to correct 188 for matrix effects (ME), and were made by analysis of each analyte at 7 calibration levels from 2 to 150 189 ng/mL. The standard curves were the peak area versus the concentration of each analyte. ME (%) = M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 10 (Slope of matrix match standard curve / Slope of standard curve without honey matrix) × 100%. ME of 191 some other honey samples were also measured at 50 ng/mL spike level to compare the ME difference 192 between different honey samples. The recovery was determined by comparing the analytical results of 193 the extracted PAs from spike honey samples with the results of standards added in the same 194 concentrations to blank matrix (13 replicates for 5 µg/kg, 10 replicates for 1 µg/kg, 25 µg/kg and 75 195 µg/kg). to 12.37, pK b is in the range from 2.82 to 8.13, logP is in the range from -1.42 to 1.64). In the gradient 224 elution, all the PAs were eluted from 10% to 37% organic phase, which is considered as a narrow 225 range, thus the corrections with retention parameters or solvent change was ignored in this part.
226
Cross-validation method 'leave-one-out' (LOO) approach was used to validate the obtained results.
227
LOO means that each compound was left out from the model fitting process once; thereafter, the model Tarpey, 2000) . Therefore in this study, PRESS and root mean square error of prediction (RMSEP) 233 were used to describe the differences between predicted RS values and measured values.
234
Using the fact of the predicted value for when the compound is deleted from the MLR model The resulting model was also used to predict the slope of the calibration curves for 4 additional PAs 
Linearity

260
A good linear relationship was observed based on correlation coefficients higher than 0.99 (from 2 261 ng/mL to 150 ng/mL). The average relative residual is less than 25% at all levels, and the intercepts 262 obtained are close to the theoretical value zero, demonstrating good consistency. Information about 263 residues plot can be found in in Supporting Information Figure S1 .
The matrix effect (ME) of spiked blank honey sample with 1 g sample load is in the range from 284 81.0% to 112.3%, indicating that the analytes' signals are only slightly influenced by the honey matrix 285 (Table 2 ). In order to compare the difference of ME between different honey matrix, additional 286 experiments were done to compare the ME. Examining these results showed a RSD% in the range from 287 4 % to 12% from ME of 8 honey samples, which indicates that it is feasible to use one blank matrix to 288 quantify all the other honey samples. Full data are shown in Supporting Information Table S1 . The measurement uncertainty (MU) consists of intra-laboratory reproducibility ("CVR"), bias 291 ("bias") calculated as 100% recovery, standard deviation on bias ("CVRbias/sqrt(n)") calculated as 292 intra-laboratory standard deviation divided by square root of number of results, and standard deviation 293 on matrix effect ("CVmatrix effect") listed in Table S1 The analyses showed that one or more of the 12 PA compounds were found in 60% of these samples.
PART 2. PA detection and contents in honey samples
322
The combined results are shown in Table 1 . The concentration of each PA compound in the positive 323 samples is in the range between 1.4 and 11.1 µg/kg honey and the total PAs contents are in the range of 324 1.4 to 14.2 µg/kg (the sum of the 12 PAs). The highest total PA content is found in honey H27.
325
The most frequently found PA is echimidine. Seven of the tested samples are positive with 326 concentrations ranging from 1.4 to 3.4 µg/kg, followed by intermedine and senecionine. These findings Figure S5 .
333
Although PAs are detected in almost half of the samples studied, they are not found in as high 334 concentration as in other studies (Avula et al., 2015; Beales et al., 2004) . The levels of the 12 validated 335 and quantified PAs are so low that the honey can be accepted according to both BMDL 10 of EFSA to 336 assess the carcinogenic risks of PAs (237 µg/kg bw per day for chronic toxicity) and also BFR 337 recommendation (maximal intake of 0.007 µg/kg bw per day) if consumers only consume a limited 338 quantity of honey (see Table 1 ) (Dusemund et al, 2011; EFSA, 2017; BfR, 2013) . However, food 339 safety issues frequently originate from compounds that are not included or quantified by the analytical 340 method. Therefore, a multi-target screening method including more PAs compounds is particularly Table 3 . 350 According to the screening results, several other PAs were found in the honey apart from the 12 351 validated PAs already quantified. Some of these PAs occur in relative high concentration. For example, found in 12 out of 32 honey samples. In order to clarify whether this compound is lycopsamine or not, 355 we spiked one of these honey samples with this unknown peak. We proved that this large peak is not 356 lycopsamine, but its peak area is much larger than that of lycopsamine. According to the previous Several PAs have the similar molecular structures, therefore we will expect similar properties and 366 fragments pattern in LC-MS/MS. For these types of compounds, it is difficult to predict the correct 367 structures without further identification or authentic standard. Therefore, the data can only be seen as Table S2 .
370
To evaluate the concentrations of these other PAs, which were not included in the validation method, 371 a semi-quantification approach was used to estimate their concentration as discussed in the following 372 section. Table S3a ) were included. While by backward MLR 379 modelling, the best fit for data was achieved with a model containing pK a, pK b, logP, and exact mass. physicochemical properties, hence this will not have large effect on the predicted concentration. We 409 also calculated the model based on the data we obtained from two different days; and the coefficients in 410 the formula are quite similar as shown in Table S3 -b. The difference between the two formulas 411 obtained from two different experimental days was compared; the variation for all compounds is within 412 a range of -24.5% to 10.9%. This indicates the feasibility for the future study, to use only one model 413 and one reference PA standard (e.g., Seneciphylline in this study) to predict the concentrations of the 414 other PAs within maximum 50.8% prediction error; as long as we have the structures information of 415 these PAs.
416
In many cases, studies about PAs estimation may choose calibration alkaloids of similar structure 417 using different calibration alkaloids (often an isomer) (Hoogenboom et al., 2011; These et al., 2013) . Or 418 just simply reported all alkaloids as equivalent of one alkaloid such as echimidine in Beales' study 419 (Beales et al., 2004) . In the approach of PAs estimation with different calibration alkaloids, serveral 420 PAs standards are still necessary. They cover various PAs types, while in the approach of PAs 421 estimation, with only one alkaloid, it is more unpersuasive due to the variation of PAs response which 422 can be nearly 3 times based on our results. Hereby, the difference between the approach of PAs 423 estimation, with only one alkaloid and our prediction model, were compared. It is shown in Table S4 in 424 Supporting Information, 3 concentrations (5 ng/ml, 10 ng/ml, 25 ng/ml) were performed, and Max25% 425 (the sum of 25% biggest absolute prediction error, e.g., absolute prediction error of 4 PAs were chosen we consider a quantification error of 51% the levels will still be of concern.
455 In conclusion, we proposed a method that can be extended to a general strategy to achieve estimation 456 of quantitative data where authentic standards are not available. By using a prediction model based on Supplementary data related to this article can be found in the Supporting Information file.
473
FUNDING SOURCE
474
The study was financially supported by the Danish Food Authorities. (81), 120.0813 (25) 8.1 Acetyl- (17) 
